Can horizontal diameter of colorectal tumor help predict prognosis?
Patient data, including age, gender, vertical penetration, anatomic location, and differentiation of the tumor; TNM stage, survival rate, and disease-free survival were analyzed to find out if there was any correlation with the horizontal tumor diameter. Tumors located from the cecum to the splenic flexure were defined as right-sided cancers, and tumors located from the splenic flexure to the sigmoid colon were defined as left-sided cancers. Tumors originating from the recto-sigmoid junction or rectum were defined as rectal cancers. Patients were staged using the 7 th edition of the American Joint Committee on Cancer (AJCC) TNM staging system. Horizontal tumor diameters were determined from formalin-fixed cancer specimens based on the archived pathology report. We used receiver-operating characteristic (ROC) curves for the determination of the appropriate cut-off value of the tumor size, which affects long-term survival in all stages. Different cut-off levels were examined according to the ROC curve analysis to find out the best cut-off level to correlate the survival, disease-free survival, and the other prognostic parameters mentioned above.
Statistical Analysis
All statistical analyses were performed using Statistical Package for the Social Sciences 16.0 (SPSS Inc., Chicago, IL, USA). Student's t-test and chi-square test were used in order to determine the distribution of demographic characteristics of patients and to make probability charts. The Kaplan-Meier method was used in order to calculate cumulative survival rates according to the horizontal tumor diameter, lymph node metastasis (N stage), and TNM staging. The difference in survival rates between groups was calculated by using the log-rank test. Cox regression analysis was performed in order to determine the prognostic factors that affected the survival time (p<0.05).
RESULTS
Demographic characteristics of the patients, histological characteristics of the tumors, and overall survival are summarized in Table 1 . By using ROC curve analysis, we determined a cut-off value of 4.5 cm for the horizontal diameter to best discriminate between patients' survival in the whole group. Based on the ROC curve analysis, patients were stratified into two groups according to the horizontal tumor diameter (≤4.5 cm vs. >4.5 cm). The relationship between prognostic pathological features and the horizontal tumor diameter was examined ( Table 2 ). The horizontal tumor diameter was significantly lower in leftsided tumors of the colon compared to the right-sided tumors (p=0.004). Poorly differentiated tumors were significantly larger than others when we used a cut-off value of 4.5 cm (p=0.003).
The depth of vertical tumor penetration was also analyzed, and it was found that the horizontal diameter increased with increase in T-stage (p<0.001). Similarly, the number of positive lymph nodes increased significantly as the size of the horizontal tumor diameter increased (p<0.001). The relationship between TNM staging and the horizontal diameter of tumors in both groups was examined, and it was found that the progression of tumor stage was accompanied by increased horizontal diameter (p<0.001). Cox regression analysis showed that TNM staging and horizontal diameter had a significant effect on survival (p<0.001, p=0.012, respectively).
It was also found that horizontal tumor diameter was not correlated with local recurrence (p=0.063). However, distant metastasis was higher in patients with a tumor larger than 4.5 cm (p=0.02). Patients with a horizontal tumor diameter less than 4.5 cm showed favorable survival (p=0.014) ( Table 2) . Although the disease-free survival was shorter in patients with a horizontal tumor diameter more than 4.5 cm, the difference was not statistically significant (p=0.06). Kaplan-Meier curves representing overall survival and disease-free survival for horizontal diameter of the tumor are shown in Figure 1 and Figure 2 , respectively. The survival of patients whose tumors were >4.5 cm was significantly worse than patients whose tumors were ≤4.5 cm. According to these data, the survival rate decreased as tumor size increased.
DISCUSSION
TNM staging is the best prognostic parameter for patients with CRC (13). The average survival rate according to the stage of the tumor is 93% for stage 1, 78% for stage 2, 69% for stage 3, and 8% for stage 4, respectively (14) . There are several studies indicating that tumor size is associated with the depth of invasion, lymph node metastasis, and survival in patients with gastric carcinoma (12, (15) (16) (17) . However, the studies about the relationship between horizontal diameter of the tumor and prognosis in patients with CRC are limited and the results are controversial (18, 19) . Kornprat et al. (2) identified 4.5 cm as the optimal cut-off value in a group of patients using ROC curve analysis, as we did, and they concluded that tumor size is the most important prognostic parameter for patients with CRC. Patients were evaluated according to this cut-off value, and the authors demonstrated that there was a significant relationship between tumor size and anatomic location of the tumor, high T and N classification, International Union against Cancer (UICC) stage, and tumor grade.
Right-sided tumors mostly do not cause any signs or symptoms in the early stages, and they are generally diagnosed when they attain a large size. These tumors are diagnosed in the early stages with the technological improvement and common use of colonoscopy, but the problem is still going on. Several studies emphasized that larger tumors are more frequent in the right colon (2, 20, 21) . We also found that proximal tumor cancers tended to have a larger diameter.
We investigated the relationship between tumor differentiation and horizontal diameter of the tumor, and we found that poor differentiation was associated with larger tumor size. Although Tekuchi et al. (22) As the presence of lymph node involvement is used in order to determine adjuvant therapy in CRC patients, the relationship between horizontal diameter of the tumor and lymph node invasion could be important. According to our data, we found that there was a significant statistical relationship between the size of the horizontal diameter and lymph node invasion; large tumors were associated with more positive lymph nodes. Although some studies in the literature support our data (2, 19, 24) , other studies concluded that the size of the horizontal diameter is not an important factor in determining lymph node involvement (18, 20, 25) .
The significant relationship that was found in our study between horizontal diameter of the tumor and increases in both penetration depth and number of positive lymph nodes was also seen in TNM staging. Li et al. (26) found that the diameter of the tumor was smaller than 3 cm in patients with Duke's stage A or B, and it was greater than 3 cm in patients with Duke's stage C or D. Another study demonstrated that tumor size was significantly associated with UICC stage and concluded that increasing tumor diameter was not associated with either depth of invasion or lymph node involvement (2, 18) . Poritz et al. (14) investigated the effect of tumor size on metastatic disease, and it was interesting that tumor volume was smaller in patients with metastatic disease compared to patients without metastatic disease. In our study, we found that local recurrence after surgery was not related with tumor size, but presence of distant metastasis was associated with tumor size.
In the literature, there are studies that have investigated the relationship between tumor size and survival rate (2, 27, 28) . When overall survival rates and 5-year survival rates are examined, it is generally proposed that large tumors have a poor prognosis. In our study, we found no significant difference between groups regarding disease-free survival rates. However, the group with tumor size smaller than 4.5 cm had a better prognosis regarding overall survival rates.
The main limitation of our study was the retrospective nature.
Another limitation was that medical records were not well completed at the beginning of the study, and patients were lost at follow-up. But, we thought that this study was important, as there are a limited number of publications related to this topic in the literature.
CONCLUSION
We have evaluated our groups by comparing them with TNM staging system, an approved prognostic scoring system, in order to determine the prognostic value of tumor size, and we concluded that horizontal diameter of CRC can possibly be used as a prognostic factor, as in gastric cancers.
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